When simulating urban floods, most approaches have to simplify the topography of the city and cannot 14 afford to include the obstacles located in the streets such as bus stops, trees, parked cars, etc. The aim of the 15 present paper is to investigate the error made when neglecting such singularities in a simple flooded 3-branch 16 crossroad configuration with a specific concern regarding the error in discharge distribution to the 17 downstream streets. Experimentally, the discharge distribution for 14 flows in which 9 obstacles occupying 18 1/6 of the flow section are introduced one after the other is measured using electromagnetic flow-meters. The 
Introduction 30
When an urban flood occurs, streets generally carry most of the flow from the upstream to downstream part 31 of the city, especially when the area is densely urbanized (Mignot et al., 2006) . Flow in the streets is mostly 32 1D with mean velocities parallel to the building façades. However, in crossroads several flows collide and/or 33 separate and the flow pattern becomes complex (see Mignot et al., 2008) 
36
They observed that this impact depends on the location of the obstacles and may i) strongly modify the local 37 velocity distribution and ii) the extensions of a recirculation zone. Moreover, the authors observed that if an 38 obstacle is located within a recirculation zone, the impact of the obstacle is strongly damped.
39
Within street bifurcations, with a single inflow separating into two outflows, artificial topographies can also 
45
The general pattern of a steady subcritical 3-branch bifurcation without obstacle is described by Neary et al. 46 (1999) . A three-dimensional recirculating region develops in the lateral branch and secondary flows appear in 47 both outlets. The principal challenge in such separating flow lies in the prediction of flow distribution from 48 the incoming towards both outgoing flows. A review of analytical models developed to access such 49 prediction is given by Rivière et al. (2007) . The models are based on the momentum conservation law (see 50 for instance Ramamurthy et al., 1990 ), but Rivière et al. (2006) showed that this balance alone does not 51 permit to calculate the flow distribution, and that additional equations must be introduced. These authors 52 proposed an improved relationship based on i) the momentum conservation law from Ramamurthy et al. 53 (1990) , ii) suitable stage-discharge relationships for the downstream controls in the outflow channels and iii) 
86
For each flow configuration, the three boundary conditions to be set are: the upstream flow rate Q u and the 87 height of the sharp crest weirs C d (for the downstream branch) and C b (for the lateral branch). The stage discharge relationship (h n ,C n ,Q n , n=b or d) is calibrated experimentally for each weir: h b and h d are measured 89 using a digital point gauge at a length equal to 2 channel width upstream from the weirs. Similarly, the 90 upstream water depth h u used to characterize the upstream velocity and Froude number is measured one 91 channel width upstream from the entry section of the bifurcation (see Figure 1) . A point gauge is used to 92 measure backwater curves in the main and the branch channel for most flow configurations.
93
Upstream water depth h u ranges from 25 to 71 mm and discharge Q u from 1.6 to 7.0 L/s. The corresponding
94
Reynolds number ranges between 18000 and 65000 and the corresponding Froude number from 0.23 to 0.69.
95
Moreover, the roughness height k s was measured using a roughness meter which revealed that the maximum parameters at a time. The flow configurations before introducing any obstacle are labeled "0" or "base" flow.
127
Consequently, three series (S1, S2 and S3) of base flow configurations are considered in 
143
-we measured the corresponding discharges Q b0 , Q d0 without obstacle as shown on Figure 1 .
144
-we introduced each of the 9 obstacles one after the other without changing the boundary conditions (
148
This methodology thus permits to investigate i) the impact of each obstacle on the discharge distribution for 149 each flow from Table 1 and ii) the evolution of such impact with the evolution of the characteristics of the 150 base flow (F u0 , R q0 and h u0 /b).
151

Velocity fields measured through PIV
152
In addition to discharge measurements, the horizontal velocity field is measured using PIV at a selected 153 elevation z=3cm for the flow configuration in bold in Table 1 . This configuration is the slowest flow from the 154 list and thus leads to the better measurement accuracy. Moreover, no PIV measurement could be performed 155 using obstacle 7 as a large portion of the intersection would be in the shade of the obstacle.
156
Polyamid particles (50 µm diameter) are added to the water which re-circulates in our closed loop. A 
166
The data is then averaged over the whole recording time to obtain the time-averaged velocity fields shown in 
185
For the present application, the boundary conditions used are as follows. At the channel inlet the discharge 186 Q u is prescribed, the velocity profile is assumed uniform and the eddy viscosity profile is specified by using 187 the mixing length model, the surface elevation gradient is set to zero and the pressure is assumed hydrostatic.
188
At both channel outlets the water depth and the discharge are related by the experimental weir equations Table 1 ) is analyzed and in the three following sub-sections, the influence of the base flow 230 characteristics from each serie in Table 1 on the obstacle impact is discussed. 
256
To conclude, it appears that both upstream obstacles (1 -2) lead to ∆R q <0 while both downstream obstacles 257 (5 -6) lead to ∆R q >0. Oppositely, impact of both lateral obstacles (3 -4) on ∆R q differs. Moreover, Figure 7 258 reveals that the impact of introducing obstacle configurations 8 (resp. 9) is about the sum of the impacts of 259 the constituting obstacles, that is of obstacles 2+4 (resp. 2+6). Author-produced version of the article published in Journal of Hydrology, 2013, vol. 494, p. 10-19 The original publication is available at http://www.sciencedirect.com/ doi : 10.1016/j.jhydrol.2013.04.023
